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The Impact of a Modified Cooperative Learning Technique on the Grade Frequencies Observed 
in a Preparatory Chemistry Course 
 
Bridget J. Hayes Russell 
 
This dissertation explored the impact of a modified cooperative learning technique on the final 
grade frequencies observed in a large preparatory chemistry course designed for pre-science 
majors. Although the use of cooperative learning at all educational levels is well researched and 
validated in the literature, traditional lectures still dominate as the primary methodology of 
teaching. This study modified cooperative learning techniques by addressing commonly cited 
reasons for not using the methodology. Preparatory chemistry students were asked to meet in 
cooperative groups outside of class time to complete homework assignments. A chi-square 
goodness-of-fit revealed that the final grade frequency distributions observed were different than 
expected. Although the distribution was significantly different, the resource investment using 
this particular design challenged the practical significance of the findings.  Further, responses 
from a survey revealed that the students did not use the suggested group functioning methods 
that empirically are known to lead to more practically significant results.  
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Introduction 
 
Overall, students interact with one another in one of three ways: competitively, 
individually, or cooperatively, and the majority of students in the United States view school 
competitively (Johnson & Johnson, 1988). Spelling bees, races, math competitions, and 
valedictorian aspirations are a few examples of the competitive activities common within the 
educational system in the United States. Individual efforts also are part of mainstream 
educational practices, as most classrooms use criterion-referenced grading scales that provide 
students with a grade based on individual effort (e.g., earning a 90% is awarded an “A” letter 
grade). 
Johnson and Johnson (1989) synthesized 100 years of research examining the impact of 
these three interaction patterns on academic achievement. Their meta-analysis found that the 
average person in a cooperative situation outperformed individuals in competitive or individual 
situations by two-thirds of a standard deviation. They also concluded that, in contrast to 
competitive or individualistic efforts, cooperative learning yielded greater retention, cooperation, 
willingness to take on difficult tasks and persist, higher-level reasoning, critical thinking, 
creative thinking, meta-cognitive thought, positive attitudes toward tasks, time on task, and 
generalization across settings and individuals.  Cooperative learning has been researched 
thoroughly and is a proven instructional tool for improving student achievement, regardless of 
factors such as age, content, discipline, educational level, ethnicity, or sex.  
Although cooperative learning is a respected educational practice well validated in the 
literature, the majority of university professors in the United States use traditional lectures as 
their primary teaching strategy (Ediger, 2001; Murray & Murray, 1992). In fact, the Foundation 
Coalition (http://www.foundationcoalition.org/home/keycomponents/collaborative_learning.html), 
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an engineering educational community funded by the National Science Foundation, contends that 
89% of science and math instructors use lectures as their preferred teaching strategy. So despite 
convincing literature, why are lectures still being used as the primary teaching methodology? 
Cooperative learning is a time-consuming methodology and, when used with large sections of 
students, can be difficult to manage for instructors during class time. Using class time for group 
work is typically a concern for instructors who need to cover large amounts of material in a short 
period (Felder & Brent, 1996; Sheridan, Byrne, & Quina, 1989). 
In addition to the time needed to implement traditional cooperative learning 
methodologies, Cooper (1995) discussed two additional perceived deterrents. First, instructors 
relinquish a significant amount of control, and classrooms often become noisy. Second, many 
professors are uncertain of how to minimize the “hitch hiker” effect, which describes a situation 
in which a few exemplar students in the group complete the majority of the work while others do 
not contribute. Although these and other deterrents are discussed in the literature, no studies 
evaluating modifications that addressed the deterrents were found. The purpose of this study was 
to examine the impact of a modified cooperative learning methodology on the final grade 
distribution in a preparatory chemistry course. This course was chosen because of its historically 
fail/withdrawal or DFW rates, which averaged 58% percent from 2002 to 2007. 
The cooperative learning methodology used in this study was modified in several ways to 
address the deterrents previously described. Instead of using class time, groups were required to 
meet outside of traditional lectures. In order to combat the impending consequences of meeting 
without supervision, additional behavioral measures were put in place. First, a Cooperative 
Learning Workbook was developed to serve as a prompt. It detailed how to manage working in 
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groups, calculate grades, and improve social functioning within the group. Second, a peer-rating 
system was used to minimize the “hitch hiker” effect. Finally, homework was graded and 
returned in a timely manner to provide feedback to the students as soon as possible. Weekly 
grades, which included results from a peer-rating system, were returned to the students during 
class, as well as through the online course management system offered by the university.  
Research Questions  
 
The purpose of this study was to explore the impact of a modified cooperative learning 
technique on the final grade frequencies observed in a large preparatory, college-level chemistry 
course designed for pre-science majors. The following research questions were explored: 
1. What is the impact of using a modified cooperative learning technique on final grade 
frequencies in preparatory chemistry as compared to historical grade frequencies 
observed in the course?  
2. Did the students adhere to the guidelines outlined in the Cooperative Learning Workbook 
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Literature Review 
This chapter reviews the literature on cooperative learning and its application to science 
courses. The first section summarizes the traditional approach to cooperative learning. The 
second section reviews current research using cooperative learning groups in secondary and 
tertiary education, with primary emphasis on applications in social and basic science courses.  
Cooperative Learning 
As thought leaders and prolific researchers in the area of cooperative learning, Johnson 
and Johnson (1994) defined it as instruction involving student teams working together to achieve 
a common goal by maximizing overall group and individual learning. The student teams should 
strive to include five components: positive interdependence, face-to-face interaction, individual 
accountability, collaborative skills, and group processing (Johnson, Johnson, & Smith, 1991a). 
These components are detailed in Table 1. 
Cooperative learning is much more than “group work,” and the extent that it can be called 
such relies on how many of the five components are present. In addition, cooperative learning 
groups should be heterogeneous in composition and emphasize task and maintenance, teach 
social skills, process group effectiveness, and share leadership (Johnson, Johnson, Holubec, & 
Roy, 1984). 
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Table 1. 





Task can only be completed as a group. Impetus for completing task 
relies on reward (participation points, bonus, etc.) or establishing 
operations (lack of resources or too difficult to complete 
individually).  
Face-to-Face Interaction Students are given time and space to meet, as well as time to seek 
assistance. 
Individual Accountability Group facilitates learning of all its members. Individuals are 
required to demonstrate mastery of the material.  
Interpersonal Skills Students are given opportunity to practice group skills. Feedback is 
provided to enhance skills such as communication, developing trust, 
and handling conflicts.  
Group Processing Students are given the opportunity to reflect on group dynamics and 
identify strengths and weaknesses that will impact future 
performance.  
 
 Cooperative learning groups range in formality from informal study groups to very 
structured group meetings in which each member has a specific role for a specific period of time. 
Johnson and Johnson (1998) outlined three approaches for implementing cooperative learning 
groups: formal, informal, and cooperative base. 
Formal cooperative learning groups can last for several weeks or as briefly as one class 
meeting. Students are assigned specific roles within the group and, as the students work, the 
instructor moves from group to group to monitor interactions. After the work is complete, 
students process group functionality.  Conversely, informal cooperative learning groups are 
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temporary. They last for a few minutes and vary from one class meeting to the next. Informal 
groups help students narrow their focus on the material being presented and typically supplement 
more traditional instructional modalities, such as lecture.  Cooperative-base groups incorporate 
formal dynamics but last for a longer period of time. Group membership remains stable across 
the semester or the year.  
There are various methods for implementing cooperative learning groups. Five of the 
most common in the literature include Group Investigation, Jigsaw, Student Teams Achievement 
Divisions, Learning Together and Alone, and Teams-Games-Tournaments. 
Group Investigation requires student teams to learn topics of mutual interest (Sharan & 
Shachar, 1988). The groups decide how to research the topic, and then each member carries out 
individual responsibilities. The group comes together to summarize findings and then shares the 
overall group findings with the class as a whole. 
The Jigsaw method (Aronson, Blaney, Stephan, Sikes, & Snapp, 1978) divides students 
into groups of five. Each member is responsible for a single component of the overall lesson. 
Students form an expert group with members of other Jigsaw groups who were assigned the 
same component of the lesson. In the expert groups, students discuss how best to teach the 
material. Then each student returns to his or her original cooperative learning group to teach his 
or her part of the lesson. Grades are based on individual exam performance. 
Student Teams Achievement Divisions (STAD), (Slavin, 1982) divides the class into 
heterogeneous groups. The teacher presents the given topic, and students work within their teams 
to ensure understanding by all members. Students take individual exams to test mastery. Exam 
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scores are compared to past performance, and points are earned based on the degree to which 
individual students surpassed past performance. Finally, the points are summed to create a team 
score. 
Learning Together (Johnson et al., 1984) incorporates all five components of cooperative 
learning (i.e., positive interdependence, face-to-face interaction, individual accountability, 
collaborative skills, group processing) to facilitate group work toward a common goal. In 
addition, group members divide the work evenly, provide feedback and opinions, and share in a 
group reward.  
Teams-Games-Tournaments (TGT), developed by Slavin (1988), uses the same format as 
STAD, but students are divided into groups to learn the new materials. Then a student from each 
cooperative learning group is selected to the “tournament table.” These subgroups consist of 
students of comparable ability levels and change weekly. The games and tournaments replace 
class quizzes and are suggested for use in conjunction with midterm and final exam grades to 
determine final grades in the course. 
Johnson and Johnson (2000) examined different cooperative learning methods and 
reported the results in a meta-analysis. All the previously mentioned methods had a significant 
impact on student achievement. Further, Learning Together demonstrated the most significant 
impact on achievement-related outcomes as compared to those measured in either competitive 
(effect-size = .82) or individual (effect-size = 1.03) learning situations.  
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Use of Cooperative Learning in Science Courses  
Cooperative learning is well documented in the literature as an effective educational 
practice. There are more than 375 experimental studies with more than 1,700 findings supporting 
its impact on social interdependence, productivity, and achievement (Johnson & Johnson, 1998). 
The next section summarizes the current literature regarding the impact of cooperative learning 
on academic performance in social and basic science courses.   
Using a repeated measures mixed model, Stockdale and Williams (2004) studied the 
impact of cooperative learning techniques on exam performance of low, average, and high 
performers in an undergraduate educational psychology course. The researchers divided the 
course content into three phases consisting of one content unit each. The three phases were pre-
individual study, cooperative learning, and post-individual study. Students (n=378) were 
identified as low, average, or high achievers based on exam scores from the pre-individual study 
phase and were assigned to mixed-ability groups of five with at least one low and one high 
achiever. Students were awarded 10 bonus points if the cooperative learning unit exam score was 
at least one point higher than their individual exam scores from the pre-individual study unit. 
The researchers found that both low and average achievers performed significantly better 
on exams during the cooperative learning phase, with increases of 11% and 5%, respectively. A 
slight decrease in exam performance was observed for high achievers. The authors suggested that 
one possible reason for this decrease was that high achievers spent more time explaining 
concepts previously mastered rather than exploring and studying newer concepts. Another 
possible reason was that 10 bonus points was not enough of a reinforcer for high-achieving 
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students. Overall, Stockdale and Williams (2004) concluded that cooperative learning benefited 
low performers the most.  
Bowen (2000) summarized the analysis of 37 research studies (almost 3,500 students) 
examining the impact of cooperative learning on student achievement in college-level science, 
mathematics, engineering, and technology (SMET) courses. He reported that cooperative 
learning had a significant and positive effect on achievement-related outcomes, with a mean 
effect size of .51 and a standard deviation of 0.35. That is, median student performance increased 
from the 50th percentile for traditionally instructed students to the 70th percentile for students 
learning using cooperative methods. Bowen also reported a significant and positive impact on 
student attitudes toward SMET courses. In addition, students enrolled in a course using 
cooperative learning techniques had a 22% greater chance of completing a SMET course as 
opposed to dropping it during the semester. 
Bowen (2000) also conducted a meta-analysis to evaluate achievement in chemistry 
courses, including both high school and undergraduate students. He reviewed 15 studies (almost 
1,100 students) and reported a mean effect size of 0.37. That is, when using cooperative learning 
techniques, student performance was 14 percentile points higher than that of students taught by 
traditional methods. Dinan and Frydrychowski (1995) reported increased class attendance and 
richer classroom discussions as a result of using cooperative learning groups in organic 
chemistry with undergraduate students. First-year undergraduate organic chemistry students 
served as participants. Groups were assigned a lesson and then given the first 10 minutes of the 
following class to discuss the core topics before taking a weekly mini-test. These mini-tests were 
first taken individually and then as a group. Scores were returned immediately and focused the 
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discussion for a brief lecture. Students also took three, hour-long exams across the semester 
using the same methodology. Although differences were not statistically significant, Dinan and 
Frydrychowski reported comparable final exam scores when using cooperative methods as 
compared to traditional lecture instruction, with the added benefit of covering larger amounts of 
material and highly engaged students.  
Investigating the impact of cooperative learning on undergraduate understanding of 
chemical equilibrium, Doymus (2007) compared two groups’ achievement on the Chemical 
Equilibrium Achievement Test (CEAT). One group used individual learning methods, and the 
other group used the Jigsaw method. The CEAT divides the topic of chemical equilibrium into 
four modules (A, B, C, and D). Jigsaw home groups of four were formed so that each student 
was assigned as the expert for one of the four modules. The experts learned the module by 
meeting with other students in the class assigned as experts to the same module. After learning 
the material, the expert taught the module to the other three members of his or her home group. 
Doymus found that students who used the Jigsaw technique scored better on the CEAT than 
those who used individual learning methods.  
Lyon and Lagowski (2008) investigated the use of facilitated small-group learning on 
overall grades and exam scores. Participants included 475 undergraduates enrolled in a large 
introductory chemistry course (the second course in a two-semester general chemistry sequence). 
Peer teaching assistants were trained and assigned to lead small-group learning sessions outside 
of class time. Students were encouraged to attend, but participation was ultimately voluntary. In 
addition to sharing the benefits associated with the group learning, bonus points were offered as 
incentives for participation. Students could pick 1 of 11 time slots to attend the group session. 
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Lyon and Lagowski compared the student exam scores and overall course grades to those who 
elected not to participate. They observed significant differences in both mean exam scores and 
course grades. That is, students who participated earned higher exam scores on average, as well 
as higher overall course grades. This study was different from traditional cooperative learning 
grouping because each small group was led by a peer teaching assistant. These assistants were 
trained on the Socratic Method and practiced facilitation in preparation for these groups. 
Therefore, this method does not comply with the essential features of cooperative learning 
groups described by Johnson et al. (1984).  
Chapman and Blemings (2006) observed overall improvements in student achievement 
and higher pass rates in course sections where students worked cooperatively. Eighty-seven 
percent of students (n= 241) passed an undergraduate biochemistry course using cooperative 
learning methodology compared to only 71% of students in a control group.  
Cooperative learning has been used successfully in non-lecture-based courses as well. 
Smith, Hinckley, and Volk (1991) used the Jigsaw method to teach the lab portion of an 
introductory chemistry course. One laboratory section used traditional procedures where each 
student (n=31) worked through the lab and completed the assignments based on procedural 
instructions from the instructor. Another laboratory section used cooperative learning methods. 
Students (n=21) were put into groups of three to complete a three-part lab. The students in the 
cooperative learning section demonstrated higher achievement on lab quizzes than the students 
who worked alone. Further, Smith et al. noted that weaker students in the cooperative learning 
group scored higher than those in the alone section. 
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In addition to traditional student performance measures such as achievement, students 
also reported that working in cooperative learning groups enhanced critical thinking skills. 
Hager, Sleet, Logan, and Hooper (2003) assigned first-year students to small, mixed-ability 
groups to cooperatively solve open-ended physics and chemistry problems. The problems were 
designed to incorporate critical thinking and problem-solving skills to answer challenging 
science questions with the collaborative working skills needed to succeed in a science career. 
The groups consisted of three members, typically of the same sex. A handout was distributed to 
encourage common concern for the success of other group members and a shared leadership 
responsibility. Leadership roles were assigned and rotated with each assignment. The impact of 
the group work on the critical thinking needed to solve the science problems was qualitatively 
assessed through a questionnaire, discussions with the students, and comments from tutors. 
Overall, students reported enhanced critical thinking skills as a result of working in the small 
groups.  
Madhu, Schaefer, and Morlino (2008) reorganized the structure of a general chemistry 
course to include a group problem-solving component. Instead of four large lecture sections of 
90 students and optional recitation, the lecture portions were collapsed to two sections of about 
180, and a mandatory recitation was added (four recitations of 45 students each). Within each 
recitation, heterogeneous groups were created based on mathematics SAT scores. Teaching 
assistants helped with grading and facilitation. Students completed homework problems prior to 
meeting to prepare for recitation group work. The group work problem sets had a higher level of 
difficulty than homework problems in an attempt to prompt discussion and critical thinking. The 
revised course format was compared to the traditional lecture format using two-sample t-test 
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analyses. Significant differences in exam averages were reported. That is, students averaging 
60% or below on exams decreased from 27.5% to 19%.  
Heller, Keith, and Anderson (1992) evaluated the impact of using a five-step problem-
solving strategy in cooperative learning groups to solve physics problems. One-hundred and 
twenty undergraduates were assigned to mixed-ability learning groups and provided instruction 
on the problem-solving strategy. Specifically, Heller et al. found that the group solutions to the 
physics problems were better than the individual solutions of the highest performing student in 
each group, and individual problem solving improved over time. In addition, the solutions were 
more expert-like as compared to those submitted by students in the control group.  
Describing her experiences using cooperative learning at Clemson University, Cooper 
(1995) detailed the advantages of using cooperative learning in large enrollment courses. 
Advantages included increased responsibility for learning and development of higher-level 
thinking skills. That is, thinking skills were furthered because group work minimized distractions 
and increased time spent working on more complicated problems—truly learning concepts 
through synthesizing information versus rote memory. Cooper also stated that students reported 
higher levels of satisfaction with learning and were more likely to graduate as a result of working 
in cooperative learning groups. In addition to these general benefits, Cooper detailed specific 
benefits for large enrollment courses such as increased participation rather than limited 
participation by a few more confident students. Cooper also discussed many of the perceived 
deterrents to implementing cooperative learning techniques. Three commonly perceived 
deterrents included inability to cover the material, lack of control, and addressing the “hitch 
hiker” problem. 
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Using multimedia demonstrations, examples, or simulations to elaborate on lecture 
topics, Pence (1993) observed increased class participation, student interaction, and class 
cohesion when students worked cooperatively. He also observed lower frequencies of students 
who withdrew from the course.  
 Peer-Led Team Learning (PLTL) is a group learning methodology also evaluated in the 
literature. PLTL uses students who have successfully completed the course material in the past as 
team leads. The students are trained in group dynamics and then asked to lead a group of four to 
eight less experienced students through focused study sessions. The sessions are typically 
voluntary and are held outside of class time. PLTL was originally developed at the City College 
of New York to promote problem-solving in general chemistry (Gosser & Roth, 1998), There is 
strong support for  PLTL yielding higher retention rates and levels of critical thinking in science 
courses at the college-level (Lewis, 2011; Quitadamo, Brahler, & Crouch, 2009). These results 
have been observed regardless of gender, ethnicity, or class standing.  
Conclusion 
 This literature review examined the impact of cooperative learning methods used in high 
school and college science courses, and found results consistent with multiple cooperative 
learning meta-analyses. When cooperative methods were implemented versus traditional 
instructional methods, increased academic achievement, attitudes, critical thinking, problem 
solving, class participation, student interaction, and class retention rates were observed. The 
majority of the studies reviewed employed the critical features of cooperative learning described 
by Johnson et. al. (1984) even if not discussed or labeled directly. The studies used 
heterogeneous groups, emphasized a task, taught social skills, encouraged group processing, and 
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shared leadership. Many of the studies also included components meant to encourage students to 
take interest in peer performance in addition to their own. Also, true comparison groups were 
used whether within or between subjects to evaluate the impact of the cooperative learning on 
student functioning. 
A common weakness noted in this collection of research was that few studies attempted 
to consider implementing cooperative learning in a new or different way.  Chapman and 
Blemings (2006) successfully addressed the hitch-hiker deterrent with the use of a peer-rating 
system. In addition, a couple of the other studies added a facilitator component to help group 
functioning and processing (Lyon & Lagowski, 2008; Madhu, Schaefer, & Morlino, 2008). The 
remainder of the studies replicated what was already a proven strategy for teaching. Few if any 
truly addressed why so few professors use cooperative learning at the high school and college 
level.  
Despite the benefits students experienced in cooperative learning groups, the majority of 
instructors do not implement the methodology today. Instructors may be hesitant because it is a 
time-consuming teaching strategy.  One option may be to arrange such experiences outside of 
regular class meeting times.  There is limited research assessing how to modify traditional 
cooperative learning techniques so that students benefit from the tenets of the methodology 
outside of class time. This research study extended the current literature by examining one way 
to supplement traditional cooperative learning techniques by incorporating a more behavioral 
methodology in an attempt to assess the efficacy of cooperative learning techniques when used 
outside of class time. Specifically, a Cooperative Learning Workbook was provided to prompt 
the behavior involved in completing weekly homework in assigned groups. In addition, several 
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feedback systems were put in place to provide students with timely appraisals of their work. 
Using a methodology similar to Chapman and Blemings (2006), this study incorporated 
individual accountability and incentives in addition to group accountability and incentives by 




Participants in this study were 334 undergraduate students between the ages of 17 and 31 
years (M=20 years, SD=2.2) enrolled in preparatory chemistry during the spring 2008 semester at 
a university located in the United States. The course was designed to prepare students for 
introductory chemistry—a full-year general chemistry course taken by science and engineering 
majors. The preparatory course was a one-semester, two credit-hour course focused on chemical 
problem solving. Students whose standardized test scores were not high enough to directly enroll 
in introductory chemistry were required to pass the preparatory course with a minimum grade of 
a C. In order to qualify for introductory chemistry as a first-semester freshman, students needed 
to obtain a minimum math ACT score of 26 or a minimum SAT score of 600. Students also 
could qualify by scoring a 24 on the university’s Quantitative Reasoning Assessment which 
includes questions on basic algebra and calculus readiness.  According to demographic data 
provided by the students completing the course, 36% percent of were male, 52% were female, 
and 11% did not report gender. Eighty-four percent were Caucasian, 7% African American, 3% 
Asian, 3% Hispanic, 2% Middle Eastern, and 1% reported other. The majority, 59%, were 
freshman students followed by sophomores (31%), juniors (7%), and seniors (3%). On average, 
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the students were enrolled in 14.71 credit hours (SD = 2.59) with 51% of the students repeating 
the preparatory chemistry course. 
All sections offered in the spring 2008 semester were included in the study and were taught by 
the same instructor. Historical data indicate spring sections tend to have higher DFW rates than 
do fall semesters. The three sections represented students who typically enrolled in preparatory 
chemistry. That is, all students needed to eventually enroll in introductory chemistry to fulfill 
their major requirements, and their standardized test scores were below 26, 600, or 24 for the 
ACT, SAT, or University Quantitative Reasoning Assessment, respectively. Setting  
 
This research was conducted at a public, land-grant university with an enrollment of 
approximately 28,000 students at the time of the study. The institution is designated as a 
Research High Activity University by the Carnegie Foundation for the Advancement of 
Teaching and is accredited by the North Central Association of Colleges and Schools. It offers 
185 undergraduate and graduate degree programs, including agriculture, arts, business, consumer 
sciences, creative arts, dentistry, economics, education, engineering, forestry, human resources, 
journalism, law, medicine, natural sciences, nursing, pharmacy, social sciences, and sport 
sciences.  
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Measures and Grading 
The preparatory chemistry course was structured around 13 quizzes containing 
competency question-sets and mastery questions. Competency question-sets were graded 
pass/fail, but mastery questions were worth 10 points each. Students had to pass all competency 
question-sets independent of mastery points. Therefore, if a student failed a competency 
question-set, he or she retook the quiz for that section until he or she passed. In addition, students 
were assigned 10 homework sets during weeks 3–12 of the semester. Each homework set was 
worth a maximum of 10 points, for a total of 100 total points. In previous semesters, students 
were strongly encouraged to do the homework sets in preparation for weekly quizzes. In this 
study, the homework sets were a mandatory component of the course and were required to be 
completed in assigned groups. Final grades were computed by summing the points earned on the 
13 quizzes, the group homework, attendance, and the final exam. There were 1,000 points 
possible in the course. In addition to the student grades, a peer-rating scale designed to measure 
individual contribution scale (described in the procedure section) was created and used to 
measure individual contribution to the group homework assignments. 
Finally, a group homework survey (Appendix A) was developed to gather information on 
student demographics, group functioning, homework completion, and student attitude toward 
working in groups. The survey was administered during the last week of classes. Although some 
of the items were beyond the scope of this dissertation, the upfront portion was used to collect 
demographic information and questions 3 – 6, 10, 12 – 14, and 16 – 21 were used to describe 
student participation, group functioning, adherence to the methodology, and overall reaction to 
the benefits of working in groups. 
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Procedure 
During the first day of class, students were informed of the mandatory cooperative 
component of the course by verbal announcement and written notification included in the course 
syllabus (Appendix B). Students were instructed to work individually to complete assignments 
and to study for quizzes for the first two weeks.  
On the first day of class in the third week of the semester, the primary researcher used 
class time to explain the cooperative learning procedures, distribute the Cooperative Learning 
Workbook (Appendices C and D, respectively), and assign groups. Groups were announced in 
class and members were given time to meet and exchange personal information. All students also 
received email notification of their group assignment.  
Group assignment was determined using a methodology similar to that described by 
Chapman and Blemings (2006) and Stockdale and Williams (2004). Students were ranked as an 
A, B, C, D, or F using the average of their first and second quiz grades. Next, they were 
randomly divided into heterogeneous groups, including one A, B, C, D, and F student to 
compose a five-member, mixed-ability group. Effort was made to balance the group in terms of 
gender as well. Given the disproportionate number of Caucasians enrolled in the course, the 
groups were not balanced in terms of ethnicity, however. For tracking and grading purposes, 
each group was assigned an identification number. The purpose of using heterogeneous groups 
was to balance group ability within each section. All of the literature examined supports the use 
of heterogeneous groups as opposed to homogeneous ones. That is, researchers agree that group 
composition should be mixed in terms of ability, ethnicity, and sex. The use of heterogeneous 
groups is highly correlated with increased understanding and long-term retention because 
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participants engage in more elaborate thinking skills and practice by sharing and receiving 
multiple perspectives (Cohen, 1994; Johnson, Johnson, & Smith, 1991b; Slavin, 1983). In 
addition, Baloche (1998) offered support stating that mixed group composition is associated with 
decreases in the influence of biased expectations used to describe students prior to performance 
in terms of ability and social identities. Further, mixed groups allow high-achieving members to 
act as role models for lower achieving students and prepare students for life beyond school 
(Jacobs, Power, & Inn, 2002). 
On a weekly basis, students were expected to meet in assigned groups outside of class time to 
complete homework assignments. Using the procedures outlined in the Cooperative Learning 
Workbook, the groups were expected to: 
• Meet face-to-face each week to work as a team to complete the assigned homework 
• Assign roles (Team Leader, Recorder, Teacher, Student, and Task Manager) and 
responsibilities each week 
• Show all work and answers for each homework problem 
• Use a different color ink to grade the group’s homework after completing the problems 
• Show revisions using a different color ink if answers were incorrect 
• Make photocopies so that each member of the group had access to the exercise sets in 
preparation for the weekly quiz (before handing the homework assignment in for grading) 
• Use active listening skills, as well as other social skills to work as a team 
• Process the group’s functioning during the last five minutes of each meeting asking 
questions such as: 
 Did we accomplish our goals? 
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 Do all members understand the material? 
 Did we maintain positive interactions within the group? 
 Did we solve problems in a systematic manner? 
In addition to weekly procedures and grading, the Cooperative Learning Workbook 
included sections that further explained roles and responsibilities, as well as social skills.  
The cooperative learning project consisted of 10 group homework assignments and was 
worth 100 points, or 10% of the final preparatory chemistry grade. Each student’s grade on each 
cooperative learning assignment was determined by two factors: group performance on the 
weekly homework assignment and individual contribution to the group. Homework deadlines 
were announced in class well in advance of the due dates. The group turned in one copy with the 
assigned group number written in the top corner. Based on accuracy, the group earned a 
maximum of 10 points for each assignment. Homework assignments were graded by the course 
professor or graduate teaching assistants, and feedback was provided within one week. Each 
week students also were required to rate their group members’ individual contribution to the 
homework assignment by completing a confidential peer-rating scale (Table 2).  
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Table 2. 
Individual Contribution Rating Scale  
Individual Rating Behavioral Definition of Each Individual Rating  
0 = Did Not Participate  • Member did not show up to the group meetings.  
• Member attended group meetings but did not contribute to the 
homework assignment in any way.  
1 = Below Expectation  
 
• Member showed up but did not contribute assigned portion(s) of the 
homework. 
• Member showed up but did not fulfill assigned role. 
2 = At Expectation • Member attended group meetings. 
• Member completed his or her portion(s) of the homework 
assignments. 
• Member fulfilled assigned role. 
• Even though the member may be having difficulty with the material, 
he or she still attempted to learn and participate in the group.  
  
 Based on the rating received each week, the points earned on the cooperative learning 
assignment either stayed the same or decreased. If two or more ratings of a “0” were given, a 
student received 0/10 as his or her individual homework score. If two or more ratings of a “1” 
were given, the student’s homework grade was reduced by 50%. Finally, if two or more ratings 
of a “2” were given, the student’s homework grade stayed the same. In the case of a tie, the 
higher rating score was used. 
Examples of all possible grading scenarios were detailed in the Cooperative Learning 
Workbook. Rating scales were due to the group’s assigned email address each week and were 
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kept confidential at all times. A sample email was provided as a template. The primary 
researcher sent an email reminder the morning the rating scales were due to encourage students 
to participate. Upon receipt of the rating scales, the primary researcher responded to each student 
via email to verify receipt of the rating scores. Any student who did not provide a rating for each 
member of his or her group received a zero on the weekly homework assignment. 
 Individual homework scores were posted to the university’s course website. Students 
used the course website to access course and grade information on a regular basis. The section 
email addresses were also used to monitor group functioning. The primary researcher used the 
email accounts to issue secondary reminders regarding the ratings scales, follow up on group 
problems, and send updates regarding grade postings to the course website. The email interaction 
provided an opportunity to monitor the implementation of the procedures outlined in the 
Cooperative Learning Workbook. 
Data Analyses 
 To assess the impact of the modified cooperative learning methodology on both passing 
and DFW grade distributions, a chi-square test for goodness of fit was conducted. The chi-square 
tested the null hypothesis that the frequency distribution of letter grades (A, B, C, and DFW) 
observed during the spring 2008 semester would not be different from the frequency 
distributions of letter grades observed historically in preparatory chemistry.  
In addition, the impact of the modified cooperative learning groups on student DFW rates 
was assessed by comparing trends in descriptive data, such as differences in the frequency and 
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percentage of final grades earned by students during the spring 2008 semester and a sample of 
those earned during the spring 2006 and 2007 semesters. 
Open-ended survey data were collected through a group homework survey. The data 
were used to descriptively assess adherence to the modified cooperative learning technique in 
three areas: group functioning, group homework completion and participation, and attitude 
toward group homework. The survey was created by the primary researcher with the aid of a 
committee who edited and refined the survey items. The committee consisted of the director of 
the preparatory chemistry department, an instructor with 10 years of preparatory chemistry 
teaching experience, and a doctoral-level educational and school psychologist. Although unable 
to move beyond content validity using more robust analyses, Cronbach’s alpha coefficients were 
computed to demonstrate internal consistency reliability.   
Results 
 This chapter describes the results of the study in three sections. The first section shares 
the known historical data for DFW frequencies in preparatory chemistry and then compares the 
data to those collected during the spring of 2008 when group homework was a mandatory 
component of the course. A chi-square goodness-of-fit analysis was conducted to test the null 
hypothesis that the final grade frequencies observed in the spring of 2008 were no different than 
those observed historically in preparatory chemistry. The results of the analysis are explained in 
section two. Finally, section three describes the results of the group homework survey in terms of 
group participation, group functioning, and attitude toward group homework. 
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 Over the six-year period from 2002 to 2007, DFW percentages earned by students in 
preparatory chemistry averaged 57.50%. During spring semesters, the DFW rates tended to be 
higher than those observed in the fall. Figure 1depicts this trend with DFWs averaging as high as 
70% in the spring of 2007. During this same six-year period, freshman enrollment at the 
university increased 9%. It was assumed the additional students enrolled were weaker in ability 
and increased enrollment (7.6%) in preparatory chemistry course supported this claim (Richards-
Babb, Drelick, Henry, and Robertson-Honecker, 2011).  
 
Figure 1. Six-year historical DFW percentages observed in preparatory chemistry.  
 In the spring of 2008, three sections of a college-level preparatory chemistry were 
offered. All students enrolled were asked to complete mandatory homework in groups outside of 




























Historical DFW Averages by Spring Semester in Preparatory Chemistry 
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final grade frequencies was examined in this study. Table 3. lists the final grade frequencies and 
percentages observed for all 334 students enrolled in the course.  
Table 3.  
Final Grade Frequencies Observed During Study  
N=334 A B C D F W 
Frequency of Final Grades  18 39 68 47 74 88 
Percentage of Final Grades  5% 12% 20% 14% 22% 26% 
Frequency of Students Earning a Passing Grade 125 
 
Percentage of Students Earning a Passing Grade 37% 
Frequency of Students Earning a Failing Grade  
 
121  
Percentage of Students Earning a Failing Grade  36%  
 
 The frequencies and percentages in Table 3 were compared to a sample of final grade 
frequencies and percentages observed in the same preparatory chemistry course during the 
previous two spring semesters (2006 and 2007 combined). During these semesters, homework 
was a discretionary practice encouraged by the faculty, but not graded or factored into the final 
grade calculations. Also, no cooperative learning methods were used during these two semesters. 
Using the modified cooperative learning technique, an increase in passing grades was observed. 
That is, there were 6% more passing grades in 2008 (4% more As, 1% fewer Bs, and 3% more 
Cs earned by students). Although there were 16% fewer withdraws from the course, there were 
increases in failing grades with 3% more Ds and 6% more Fs. See Figure 2 for a more detailed 
comparison of the final grade frequencies and percentages.  
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Figure 2. A comparison of cooperative learning final grades to historical final grades. 
 
 A chi-square test of goodness-of-fit was performed to test the null hypothesis:  
H0: The frequency distribution for the spring 2008 final grades in preparatory chemistry is no 
 different from the historical final grade frequency distributions. 
The analysis showed the final grade frequency distributions were significantly different when 
students worked in groups to complete homework using a modified cooperative learning 
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Table 4. 
Chi-Square Test of Goodness-of-Fit 
 Passing Grade 
(A, B, or C) 
DFW 
ƒo 125.0000 209.0000 
ƒe 74.0000 163.0000 
ƒo- ƒe 51 46 
(ƒo- ƒe)2 2601 2116 
((ƒo- ƒe)2/ ƒe 35.1486 12.9816 
χ2=∑((ƒo- ƒe)2/ ƒe) 48.1302  
df = 1   
 
 The survey used in this study was created with the intent of measuring constructs related 
to the implementation of the modified cooperative learning technique. The survey consisted of 
21 Likert-type questions about group functioning, group homework participation, and attitude 
toward group homework. In addition, the survey asked 12 general information questions to 
solicit demographic data and five open-ended questions to gather feedback from the students. Of 
the 334 students enrolled in the course, 188 completed the survey which is a 56% response rate. 
Considering only those students who did not withdraw from the course, 188 of 246 completed 
the survey which is a 76% response rate.   
 Group Functioning. When asked to describe the extent to which their group reviewed 
and revised homework assignments before submitting them each week, 78% of reported they did 
so most of the time if not all of the time. Role assignment, overall, was not practiced with 52% 
claiming they never assigned roles and 29% reporting they did so only occasionally. Similar 
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responses were made about alternating role assignment with 56% reporting they never alternated 
roles and 29% doing so only occasionally. In terms of processing group functioning, it appeared 
that 54% did not and 46% did. Overall, the group homework survey indicates that the groups did 
not use the cooperative learning workbook to help improve group functioning, but did review 
and revise homework regularly. 
 Group Homework Completion and Participation. Eighty percent of the students reported 
completing at least seven of the group homework assignments with 57% reporting their group 
completed all 10 assignments. However, 73% of the groups rarely (less than 4 assignments) 
completed additional practice problems other than those assigned. When asked to describe their 
participation in the group work, 48% reported contributions to all 10 assignments and 32% 
reported participation in at least seven assignments. Only 4% did not participate in the group 
work at all. When asked how often they rated their peers, 81% did so for at least seven of the 
assignments. Overall, the group homework survey indicates that the groups met and the majority 
of the students contributed to the assignments in some way.  
 Attitude toward Group Homework. The majority, 64%, of students claimed they 
experienced some benefits from working in groups with 23% reporting they experienced a lot of 
benefit. Similarly, 65% reported that the group work was worth the effort with 20% saying it was 
well worth the effort. When asked how they felt about group work and their intentions to take 
another course including a group work component, 58% disliked the group work and 50% 
reported it unlikely that they will take another group work course in the future. Finally, 50% felt 
the group work helped their grade in preparatory chemistry, but 20% reported the group work 
component actually hurt their grade in the course. Overall, student attitude toward group work 
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was mixed with half of the students acknowledging benefits from working in groups and felt it 
impacted their preparatory chemistry grade positively.  
Five open-ended questions were included in the survey to further explore attitude toward group 
homework. Specifically, the students were asked to consider the following: 
1. Please indicate specific things that you like about working in groups. 
2. Please indicate specific things that you didn't like about working in groups. 
3. How would you change the group work in Chemistry 110. 
4. How did you feel about rating your peers each week using the rating scales? 
5. Please list any additional comments that you would like to make regarding your 
experience with cooperative learning. 
Consistent themes were noted in the open-ended data. Overwhelmingly, the students reported 
that working in groups increased their understanding of the problems and that it was helpful to 
have different perspectives and others to work with to complete the questions sets. Some 
students did, however, take the opportunity to express a strong dislike for group work despite 
increases in understanding. When asked what they did not like about working in groups, students 
agreed that meeting outside of class time was difficult given the number of schedules each group 
needed to coordinate. Students also reported that the sizes of the groups were too big and they 
would have preferred to have a smaller group size of three. In addition to smaller group size, 
students also recommended adding a lab component to the course which the groups could use to 
complete the homework. Overall, students reported the peer-rating scale to be an afterthought. 
Many commented that they regularly forgot to submit the peer rating and often made them up. 
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When asked for suggestions on how to change the peer rating scales, many students 
recommended omitting them in the future.  
 A Cronbach’s Alpha Coefficient was calculated to measure the internal reliability of the 
subsets of questions associated with each of the three constructs: group functioning, 
participation, and attitude. Eighteen of the 21 items comprised the three subsections of the 
survey. Questions 3-6 were designed to collect information about adherence to the Cooperative 
Learning Workbook which provided specific guidelines for effective group functioning (α = .74). 
Questions 10, 12 – 14 were asked to gauge the extent to which the students participated in the 
group homework (α = .59). Finally, questions 17 – 21 included questions measuring the extent to 
which the students felt that group homework was beneficial and worth the effort (α = .82). 
George and Mallory (2003) describe internal consistency as excellent (α ≥ .9) , good (.9 > α ≥ .8), 
acceptable (.8 > α ≥ .7), questionable (.7 > α ≥ .6), poor (.6 > α ≥ .5), and unacceptable (.5 > α). 
The Cronbach Alphas are summarized in Table 5. 
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Table 5. 
Internal Reliability of the Group Homework Survey  




Group Functioning α=.74 
Acceptable 














S = 3.886 5 
 
Discussion 
 Cooperative learning is a well validated educational practice shown to improve academic 
performance, problem solving, creativity, and social skills (Johnson & Johnson, 1989). Years of 
empirical research demonstrate the effectiveness of the methodology across disciplines, levels of 
education, gender, and ethnicity. Despite the convincing body of evidence in favor of 
cooperative learning, lecture still dominates collegiate learning as the primary mode of teaching. 
This study attempted to modify traditional cooperative learning techniques by considering some 
of the most noted reasons for not using or trying the technique. The modifications were meant to 
address those concerns, but still fulfill the critical components which discriminate cooperative 
learning from group work. As detailed in Table 1, the critical components are positive 
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interdependence, face-to-face interaction, individual accountability, interpersonal skills, and 
group processing (Johnson, et. al., 1984). Preparatory chemistry students were asked to 
participate in this study because of historically high DFW rates observed in the course. From 
2002 to 2007, more than half of the students enrolled failed or withdrew from the class with at 
least one semester having a 70% DFW rate.  
 The primary research question asked if the final grade frequencies observed in 2008 
while using the modified cooperative learning methodology were different from historical final 
grade frequencies. The chi-square goodness-of-fit analyses rejected the null hypothesis and 
concluded that the two frequency distributions were in fact different. The descriptive data 
collected from the final grade archives as well as the group homework survey confirmed that 
more students earned passing grades in the spring 2008 than those in the sample historical data. 
The findings of this study suggest that the use of the modified cooperative learning technique 
may have helped students practice the chemistry problems, prepare for the quizzes, and 
ultimately better understand the material resulting in a greater number of passing final grades and 
therefore fewer DFW grades. Although there were increases in Ds and Fs, 3% and 6% 
respectively, there was a larger decrease in withdraw frequencies with 16% fewer students 
dropping the course. This finding further supports the impact of the modified cooperative 
learning component on the final grade distribution as the methodology has also been referenced 
as a key contributor to student retention (Cooper, 1995). Although more students earned Ds and 
Fs, this may be preferential to taking a “W” or withdraw from the course. Continued financial aid 
is awarded as long as students make satisfactory progress toward their degree. Satisfactory 
academic progress is measured by dividing successful courses completed by courses attempted. 
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If a student’s completion ratio falls below 67%, he or she may no longer be eligible for financial 
assistance.  
 Another plausible explanation for the difference in the final grade frequency distribution 
is the mere inclusion of a graded homework component. It is known that preparatory chemistry 
students who regularly completed weekly homework assignments fare better in the course, 
historically.  This is consistent with current research suggesting that the inclusion of a graded 
homework component based on completion and accuracy is enough to improve academic 
performance on quizzes at the college level (Rehfeldt, Walker, Garcia, Lovett, & Filipak, 2010; 
Ryan &d Hemmes, 2005). Therefore, the current study cannot claim with certainty whether the 
cooperative learning methods, the mandatory homework, or another unidentified variable 
impacted the differences observed in the final grade distribution.  
 The secondary research question posed in this study involved the implementation of the 
modified technique, which is detailed in the cooperative learning workbook. Specifically, it is 
important to ascertain whether the students followed the criteria outlined in the workbook. If so, 
there is further support for the claim that the modified cooperative learning technique was 
responsible for the increases in passing grades and decreases in DFWs. Considering the findings 
from the group homework survey, however, at least half of the students reported that their groups 
did not engage in some of the behaviors critical to creating effective cooperative learning groups. 
Group processing is one of the components necessary to promote the benefits of cooperative 
learning (Johnson et al., 1984) and the group homework survey results revealed that the majority 
of students did not assign key roles, alternate those roles, or process group functioning. Although 
the students did report that their groups regularly checked and revised their work as a group prior 
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to handing in the assignment for a grade. These data are helpful in considering potential reasons 
why the cooperative learning groups did not have a more dramatic impact on final grade 
frequencies. If at least half of the students did not choose or understand how to work 
cooperatively, the benefits would be reduced for all members.  Another consideration for the 
reported lack of adherence to the cooperative learning methodology is the overreliance on the 
cooperative learning workbook as a standalone tool. If the students were absent during the 
introduction of the group work concept, reading the workbook became a more discretionary 
practice. Students attending the overview were given time to read over it as well as listen to the 
introductory presentation covering the highlights from the workbook. Future studies may 
consider using a Peer-Led Team Learning approach in which an undergraduate teaching assistant 
could serve as a member of each group to ensure content is practiced correctly and adherence to 
the cooperative learning methodology.  
 Overall, the findings from this study were consistent with the majority of the existing 
cooperative learning literature (Bowen, 2000; Johnson, Johnson, & Smith, 1991a). The data 
suggest that academic performance improved as evidenced by increased numbers of passing 
grades observed at the end of the spring 2008 semester. With a few modifications to the 
methodology, this study replicated the findings of Chapman and Blemings (2006) who also 
observed increases in passing grades for students enrolled in an undergraduate biochemistry 
course when using cooperative learning methods. However, the results may not be practically 
significant enough to offset the considerable amount of resources necessary to manage the 
program. The methodology including the peer-rating component may create another deterrent to 
using cooperative learning in the future. The peer-rating system was implemented to reduce the 
likelihood of the hitch-hiker effect, but was extended to also provide feedback to the students 
 MODIFIED COOPERATIVE LEARNING TECHNIQUE  36 
 
regarding the ratings, participation, and issue resolution. This component was a very time 
consuming task taking up to 20 hours per week. An instructor or professor would need teaching 
assistants to regularly implement such a design. The benefits and tradeoffs need to be more 
thoroughly researched to make an informed decision as to whether or not the peer rating scale is 
a worthwhile addition. Or, future research may also consider collecting this information 
differently. For example, they can include the peer-rating scale on the bottom of the weekly 
quizzes or send an electronic survey to the student each week tied to a score. As used in the 
current study, there were no incentives for completing the peer-rating scale on time and with 
integrity. Many students admitted to making up the ratings in the open-ended survey items.  
Limitations and Implications for Future Research  
 
 This study is first and foremost confined by its design and statistical analyses. The 
use of nominal data and the chi-square goodness-of-fit analysis limits the ability to attribute the 
findings to cooperative learning. Future research designs may consider replicating the current 
study by supplementing the design with a control and/or alternative group work situations. For 
example, the addition of an in-class cooperative learning condition and a cooperative learning 
homework lab condition may provide better insight into the need to limit or take advantage of 
group work outside of class lecture. This inclusion of a lab component was also encouraged by 
the students in the group homework survey. This is important to know as many instructors cite 
that the use of class time for groups to meet is a major deterrent to using cooperative learning.   
  Another weakness of this study that will need to be addressed in future work was the 
limited use and reference to the cooperative learning workbook. Although the workbook was 
discussed in detail during the third week of the semester, some students reported that they did not 
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read or use it. Future studies requiring the groups to meet outside of class time will need to 
consider alternative ways to ensure understanding and use of cooperative learning methods such 
as direct observation and assessments. This is important to ensuring that the groups are working 
cooperatively and therefore experiencing the benefits the pedagogy. This leads to another 
interesting implication not addressed in this study. It is also important to have a system in place 
to identify dysfunctional cooperative learning groups early in the process. Given the population 
used in this study, there may also be value in defining what constitutes a dysfunctional 
cooperative learning group when dealing with new, at-risk college students. An alternative worth 
considering would allow educators to see leading indicators of progress as opposed to waiting for 
more lagging measures such as test performance spaced out across a semester. Future studies 
should devote more time preparing the students in the essential components of cooperative 
learning. It may be worthwhile to add a quiz on the cooperative learning process, social skills, 
and peer-rating system.  The points earned from the quiz could be factored into final grades.  
 Finally, the inability to demonstrate the validity of the group homework survey beyond 
content value was also a weakness. The current study cannot truly be confident in the qualitative 
data collected and therefore cannot state with confidence that the survey tool measured what was 
intended, the implementation of the modified cooperative learning technique. The reliability of 
the survey was also questionable for the subset of questions designed to measure homework 
participation and completion. Future studies may consider using an already validated and reliable 
instrument to survey the students before and after the implementation of the study.  A further 
investigation of the questionnaire used by Hager et. al. (2003) may be useful to future 
researchers.  
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Appendix A: Chemistry 110 Group Homework Evaluation 
Spring 2008 
C. Eugene Bennett Department of Chemistry 
Chem 110 Group Homework Evaluation 
 
Please evaluate the Chemistry 110 group homework assignments by completing this research survey by 
circling the appropriate answer or writing your answer in the space provided.   
GENERAL INFORMATION  
Name  
Race African 





Gender Male Female 
Age 18 19 20 21 22 Other: ______ 
Undergraduate Level Freshman Sophomore Junior Senior Non-traditional 





Number of credit hours 
that you have completed 
so far in your college 
career (not including this 
semester) 
 
How many credit hours 
were you enrolled in at 
the beginning of this 
semester? 
 
How many credit hours 
are your enrolled in now?  
Is this your first time 
taking Chem 110? 
Yes No 
If no, how many 
times have you 
taken Chem 110 
including this 
semester? _____ 
What grade do you think 
you will earn in Chem 110 
this semester? 
A B C D F 
Are you enrolled in EDP 
101 this semester? Yes No 
Have you taken EDP 101 in 
the past? Yes No 
 




1. How many times 
did your group 
meet this 
semester? 
0 – 3 4 – 7 8 – 11 
12 – 15 16 – 19 20 or more times 
 





3. Please circle the number that indicates the extent to which your group reviewed and revised the 
homework assignment before submitting it each week.  
1 2 3 4 
My group never 
reviewed and revised 
our work 
My group occasionally 
reviewed and revised 
our work 
My group reviewed and 
revised our work most of 
the time 
My group always 
reviewed and revised 
our work 
 
4. Please circle the number that indicates the extent to which your group assigned roles each week. 
(e.g., Group Leader, Task Manager, Student, or Teacher)  
1 2 3 4 
My group did not assign 
roles 
My group occasionally 
assigned roles 
My group assigned roles 
most of the time 
My group always 
assigned roles 
 
5. Please circle the number that indicates the extent to which your group alternated roles each 
week. (e.g., Group Leader, Task Manager, Student, or Teacher)  
1 2 3 4 
My group did not 
alternate roles 
My group occasionally 
alternated roles 
My group alternated 
roles most of the time 
My group always 
alternated roles 
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GROUP FUNCTIONING (CONTINUED) 
6. Please circle the number that indicates the extent to which your group processed group 
functioning each week.  
1 2 3 4 
My group never 
processed how we 
functioned 
My group occasionally 
processed how we 
functioned 
My group processed 
how we functioned most 
of the time 
My group always 
processed how we 
functioned 
 
GROUP HOMEWORK COMPLETION 
7. Please circle the number that indicates the likelihood that you would have completed the work 
individually if you did not belong to a group.  
1 2 3 4 
I would not have 
completed the 
homework if required 
individually 
I would have 
occasionally completed 
the homework if 
required individually 
I would have completed 
the homework most of 
the time if required 
individually 
I would have completed 
all of my homework 
assignments if required 
individually 
 
8. Please circle the number that indicates the likelihood that you would have completed the group 
homework if not graded.   
1 2 3 4 
I would not have 
completed the group 
homework if not graded 
I would have completed  
some of the group 
homework if not graded 
I would have completed  
most of the group 
homework even if not 
graded 
I would have completed  
all of the group 
homework even if not 
graded 
 
9. The group homework assignments were worth 100 points of your final grade. Please circle the 
number that indicates the extent that you personally feel this was high enough to make you 
complete the group homework on a weekly basis.  
1 2 3 
100 points were not high enough 
100 points were somewhat high 
enough 
100 points were high enough 
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GROUP HOMEWORK COMPLETION (CONTINUED) 
10. Please circle the number that indicates how often your group completed homework problems 
other than those assigned (for additional practice).  
1 2 3 4 5 









problems other  
than those 
assigned about 3 





problems other  
than those 
assigned about 5 





problems other  
than those 
assigned about 7 







assigned for all 10 
assignments 
 
11. Please circle the number that indicates how often YOU completed homework problems other than 
those assigned (for additional practice).  
1 2 3 4 5 







problems other  
than those 
assigned about 3 




problems other  
than those 
assigned about 5 




problems other  
than those 
assigned about 7 






assigned for all 10 
assignments 
 
12. Please circle the number that indicates the number of homework assignments that your group 
completed as a group.  
1 2 3 4 5 





completed 3 or 4 
assignments 
My group 
completed 5 or 6 
assignments 
My group 
completed 7, 8, or 
9 assignments 
My group 
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GROUP HOMEWORK COMPLETION (CONTINUED) 
13. Please circle the number that most accurately describes your participation.  
1 2 3 4 5 
I did not participate 
in the group work 
I participated in the 
group work for  3 
or 4 assignments 
I participated in the 
group work for  5 
or 6 assignments 
I participated in the 
group work for  7, 
8, or 9 
assignments 
I participated in the 
group work for  all 
10 assignments 
 
14. Please circle the number indicates how often you rated your peers using the rating scale.  
1 2 3 4 5 
I never rated my 
group members  
I rated my group 
members for 3 or 4 
assignments 
I rated my group 
members for 5 or 6 
assignments 
I rated my group 
members for 7, 8, 
or 9 assignments 
I rated my group 
members for all 10 
assignments  
 
15. Did you meet with your 
group to complete 
homework set 13? 
Yes No 
 
GROUP HOMEWORK ATTITUDE  
16. Please circle the number that accurately describes the benefits you experienced from working in 
groups. 
1 2 3 4 
I did not experience any 
benefits from working in 
groups 
I experienced very little 
benefits from working in 
groups 
I experienced some 
benefits from working in 
groups 
I experienced a lot of 
benefits from working in 
groups 
 
17. Please circle the number that indicates the extent to which you think the group homework was 
worth the effort.  
1 2 3 4 
It was not worth the 
effort at all 
It was somewhat not 
worth the effort 
It was worth the effort 
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GROUP HOMEWORK ATTITUDE (CONTINUED) 
18. Please circle the number that accurately describes how you feel about group work. 
1 2 3 4 
I strongly dislike group 
work 
I somewhat dislike 
group work 
I like group work I like group work a lot 
 
19. Please indicate whether you will be more apt than before to take a course which includes group 
homework. 
1 2 3 4 
Unlikely Somewhat Unlikely Likely Very Likely 
 
20. Please circle the number that accurately describes how you think the group work impacted your 
grade in Chem 110 
1 2 3 4 5 
Group work 
significantly hurt 
my grade in Chem 
110 
Group work hurt 
my grade in Chem 
110 
Group work neither 
hurt nor helped my 
grade in Chem110 
Group work helped 




my grade in Chem 
110 
 
21. Please circle the number that accurately describes how you feel about Chemistry. 
1 2 3 4 5 
I don’t like 
Chemistry at all 
I somewhat dislike 
Chemistry 
I neither like nor 
dislike Chemistry 
I like Chemistry 
I like Chemistry a 
lot 
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OPEN ENDED QUESTIONS  
Please write responses to the following questions: 
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Appendix B: Chemistry 110 Syllabus 
CHEMISTRY 110: INTRODUCTION TO CHEMISTRY 
 
Spring 2008 SECTION: 002 CRN #: 10967 
Instructor: Mr. Mark Schraf 
Office #: 293-3435, Ext. 6413 
E-Mail: mschraf@wvu.edu 
 
Office and Hours: Clark 404 C M-F (12:45 p.m. - 1:30 p.m.); Tues, Thurs (9:30 a.m. - 9:45 a.m.) 
 
You do not have to make an appointment to see me during the times listed above. Other times are 
available by appointment. PLEASE DO SO!!!! 
 
Lecture: Section 001 M, W, F (10:30 a.m. - 11:20 a.m.) Clark Hall, Room 104 
 
Text: Prep Chem by John Strohl 
 
Note: Please turn off all cell phones before entering the classroom. 
 
Course Content  
Chem 110 covers chemical problem solving. Our purpose is to prepare students for the types of problems 
encountered in Chem 115 and 116. Some areas are covered in greater detail than in Chem 115 and 116 
since the course deals specifically with chemical problem solving. The course is a two-hour credit and 
does not include much memorization of definitions and facts which will be covered in Chem 115 and 116. 
If you do not plan to take Chem 115, see me. I would like to discuss your reasons for taking Chem 
110 to make sure you are doing the right thing. 
 
Calculators 
Calculators are necessary for Chem 110, 115 and 116. Only non-programmable calculators may be 
used during quizzes and examinations in Chem 110, 115, and 116. If you plan to purchase one, a 
scientific calculator will provide the most help. The calculator you purchase should have at least the 
following advanced features (or their equivalent): EXP (or EE), yx (or xy), x/y (or y/x), log, ln, sin, cos, 
tan, STO, RCL and parentheses. Make sure you learn how to use your calculator properly (ie: read the 
directions accompanying your calculator). If you do not know how to use a certain function on your 
calculator ask a neighbor or ask me after class. 
 
Examination System 
All quizzes contain two parts: Competency (required) questions and Mastery (achievement) questions. 
Competency questions are the basic information you should be able to learn and are graded pass/fail. 
Mastery questions are worth ten points apiece with no partial credit and can move your grade to an 
A, B, or C. 
 
There are 11 sets of competency questions; one set on each of the quizzes 1-5 and 7-12. ALL 
COMPETENCY QUESTIONS must be passed in order to pass the course (independent of the number of 
mastery points). If you fail any competency questions for a quiz, you must repeat the complete section of 
competency questions for that quiz (not just the specific problems you missed). You may take retests for 
the competency questions according to the schedule in the syllabus (you will have many chances for 
retakes) and will not be penalized as long as all competency questions are eventually passed within the 
following time frames: 
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To avoid an “F” at midterm, all competency questions for quizzes 1-5 must be passed by 
MONDAY, March 10, 2005. To avoid an “F” for the course, the competency questions for quizzes 
1-5 must be passed by THURSDAY, March 20, 2008, and the competency questions for quizzes 7-
12 must be passed by FRIDAY, May 2, 2008. 
 
The reason for the competency questions is that Chem 110 is a preparation course so it is necessary to 
ensure that each student who completes Chem 110 can work the simplest problems in each area that will 
be necessary for Chem 115 and 116. The retest system is designed so students can receive immediate 
feedback on the basic material they do not sufficiently understand in order to rectify the 
misunderstandings and apply the correct knowledge to the next chapter. 
 
Quizzes 
You will be given 10-30 minutes per quiz depending on the quiz difficulty. Graded quizzes will be 
returned the next class period. Save all of your quizzes. Your graded quizzes serve as proof of your 
grade. They also provide an excellent study tool for other examinations in this course. 
 
NOTE: Possession or use of cell phones, text messengers, or any other communication device 
during a quiz will result in a zero for that quiz and possible academic fraud charges being brought 
against those violating this policy. 
 
Retests 
Retest I consists of competency question sets from Quizzes 1-5 while Retest II consists of competency 
question sets from Quizzes 7-12. Retests are administered every Monday during the last 
5-10 minutes of class. You should use the retests to get ahead on your competency questions or to catch 
up if you are behind. 
 
Homework Group Assignments 
All students will be required to participate in ten group homework assignments (10 points each, for a total 
of 100 homework points) that will be completed outside of class. These homework assignments are in 
addition to the individual homework assignments outlined in this syllabus (which will NOT be collected 
or graded, but will be similar to the group homework as well as VERY IMPORTANT FOR 
UNDERSTANDING THE CLASS MATERIAL). The groups will be assembled by the instructor, and 
details regarding this portion of the course will be provided in the coming weeks. 
 
Attendance Policy 
Attendance will contribute to each student’s final grade as shown below. Nonattendance at lecture is 
considered an absence whether it is excused or unexcused. 
 
3 absences or less: 10 mastery points will be added to the final numerical grade. 
5-9 Absences: Grade will be dropped by one letter grade. 
10-14 Absences: Grade will be dropped by two letter grades. 
15-19 Absences: Grade will be dropped by three letter grades. 
> 20 Absences: Student will receive an “F” grade. 
 
Absence from a Quiz 
If you are ill and contact me as soon as possible by phone or e-mail, you may make up the quiz during 
office hours. If you need to go out of town on University business, you must submit a note in advance 
listing your time of departure and return. Missed quizzes must be made up within a week of the actual 
date of the missed quiz. Other cases will be dealt with on an individual basis. 
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West Virginia University is committed to social justice. I concur with that commitment and expect to 
foster a nurturing learning environment based upon open communication, mutual respect, and non-
discrimination. Our University does not discriminate on the basis of race,  sex, age, disability, veteran 
status, religion, sexual orientation, color or national origin. Any suggestions as to how to further such a 
positive and open environment in this class will be appreciated and given serious consideration. 
If you are a person with a disability and anticipate needing any type of accommodation in order to 
participate in this class, please advise me and make appropriate arrangements with Disability Services 
(293-6700). 
 
HOW CHEM 110 WORKS 
Chem 110 is designed to improve the problem solving and math abilities of students to the point that they 
will be able to succeed in Chem 115 and 116. Previous knowledge of chemistry is NOT required: in 
fact, the course was designed to help this type of student prepare to continue in college chemistry. A 
grade of “C” or better in Chem 110 is an indication that a student should be able to handle the material in 
Chem 115 and 116. 
 
The course is relatively easy for students who keep up with the syllabus, work sufficient number of 
exercises and get their questions answered during the class or office hours. The course is exceedingly 
difficult for students who study only the night before a quiz, etc. Most of the students who drop do so 
because they get behind. In addition to learning chemical problem solving, it is necessary to organize your 
study time and develop an approach to the course that will work for you. I can help you with these areas 
during my office hours. Chem 110 testing using Competency and Mastery questions is designed to help 
students keep up with the course material, aid students in identifying specific weaknesses and provide 
opportunities to eliminate them, as well as remind students to maintain a steady pace of study throughout 
the semester. 
 
Competency questions include the basic, fundamental concepts of a chapter, and these skills will be 
utilized throughout the semester for all types of problems, so it is imperative that students develop 
expertise with these questions. Students who do not rectify their deficiencies with competency questions 
immediately will struggle to succeed in all subsequent chapters. If a student cannot completely understand 
and implement the information contained in the competency questions throughout the rest of the semester, 
this is a clear indication that the student is not ready to enroll in Chem 115. 
 
Bottom line, to pass Chem 110, you must have a really good understanding of the basic concepts included 
in ALL 11 sets of competencies. If you understand how to balance chemical equations (Competency 5) 
but cannot use molar mass for conversions (Competency 4), then you have not met the objectives of 
Chem 110 and are not ready for Chem 115. You must pass all 11 Competencies on Quizzes 1-5 and 7-12 
in order to pass Chem 110. 
 
Mastery questions will test students at a higher level, often combining two or more competency level 
questions, and often require students to use problem solving skills. These questions determine a student’s 
true understanding of all the material in a particular section, and of the course as a whole. 
 
Bottom line, to get a grade of A, B, or C in Chem 110, in addition to understanding and applying the basic 
concepts included in ALL 11 sets of competencies. You must be able to complete multi-step problems, 
word problems, and other more complex questions. However, these concepts are only the basic 
information that is required in Chem 115, so if you do not attempt this more difficult material in Chem 
110, you will not be ready for Chem 115. Many students become frustrated with the fact that partial credit 
is not given in Chem 110. However, unlike a term paper or an essay question, science problems, 
especially those involving mathematical equations, have a single, distinct, and exact solution. There 
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is only one correct answer, and part of the job of Chem 110 is to prepare students to recognize this fact. 
Science is also extremely detail-oriented (a little mistake can result in a big problem), so Chem 110 is also 
designed to teach students that every number they write must have the proper significant figures, 
units, and rounding, or it will be marked as incorrect. This concept is no less important than any other 
in the class, and will be continually reinforced throughout the semester. SO BE READY FOR IT! 
The following chart will help you understand the individual skills that will be required in order to perform 
well on both sections of each quiz this semester. REMEMBER, THESE ARE NOT ISOLATED 
TOPICS TO BE MEMORIZED AND THEN IGNORED! THE INFORMATION YOU LEARN IN 
THE COMPETENCY SECTION OF QUIZ #1 WILL STILL APPLY IN THE MASTERY SECTION OF 
QUIZ #12, for example. So it is vitally important that you learn and retain the material throughout the 
course, and also that you use your graded quizzes to discover the concepts you do not understand, 
correct the deficiencies, and then practice the homework problems that apply in order to master 
this material. 
 
CHEM 110 CUMULATIVE WEEKLY CONCEPTUAL GOALS 
 
By Quiz ___ , you can...  Competency Mastery 
1 perform math operations on measured 
numbers using significant 
figure rules; convert numbers into standard 
scientific notation; 
mass percentage calculation 
algebraic manipulation; mixed operation 
calculations with significant figures; mass % 
calc.; + or - exponential numbers 
2 metric to metric conversion; temp conv.; 
metric to English 
conversion; use of dimensional analysis 
multi-step conversions; complex unit 
conversion; K to /F conversion 
3 subatomic particles in atoms; atoms, ions, 
outer shell electrons, 
formula unit 
ions from formula unit, subatomic particles 
in ions, # of electrons in ions; formula unit 
from 
ions; bond type ID 
4 mole conversions/ NA; molar mass 
conversions 
density conversion; STP gas conversions; 
molarity and concentration 
5 balance chem equation; mole stoichiometry balance eqn; limiting reagent stoich. 
6 (Midterm) No competency questions on midterm, but 
must be proficient with 
all concepts from Quizzes 1-5 
All Quiz 1-5 material, plus mass % of 
elements 
in compounds; empirical formula; mass 
stoichiometry and lim reagents; gen rxn 
probs 
7 net ionic eqn.; ID acid/base in rxn solub. rules, ID acid/base; net ionic eqn; 
predict products 
8 molarity of ions in soln; molarity/vol 
conversion 
molarity of ions; dilution; lim reagents with 
solutions; gen. rxn probs 
9 write equil const expression; calculate K equil const expression/calculations; gen 
problems with multi-step rxns 
10 balance simple redox rxn; assign oxidation # bal. simple redox rxn; assign oxidation #; 
balance acidic redox rxn; gen rxn prob 
11 assign oxid/red agent; ideal gas law; non-
static gas law calc. 
balance redox in acid/base; static gas law 
calc. 
12 simple heat eqn calculation heat eqn calculation; heat of phase change 
calc.; heat lost/gained; gas density 
13 No competency questions. phase change heat calc.; gen heat rxn prob; 
balance nuclear rxn; mass/energy nuclear rxn 
conv.; radioactive decay 
Final No competency questions on final exam, but 
must be proficient 
with all concepts from Quizzes 1-5 and 7-12 
All Quiz 1-13 material, plus Lewis structures 
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CHEM 110 Course Performance and Grading 
 
Chem 110 is designed to improve math and problem solving skills to the point expected for success in 
Chem 115 and 116. A grade of A or B usually indicates that students’ study habits and problem solving 
skills are sufficiently good that they won’t have difficulty with the material in Chem 115 and Chem 116 
as long as they continue to study regularly, etc. A grade of C indicates that there will be some areas of 
difficulty so the student should expect to spend extra time and effort in Chem 115. Five quizzes and mid-
term exam will be used for the computation of the mid-term grade. The mastery points on these tests are 
50, 50, 50, 40, 30 and 120 for a total of 340 mastery points at mid-term. 
 
The mid-term grade scale is: 
A = 280-340 Mastery Points (Assuming all competency questions 1-5 passed) 
B = 230-270 Mastery Points (Assuming all competency questions 1-5 passed) 
C = 170-220 Mastery Points (Assuming all competency questions 1-5 passed) 
D = 0-170 Mastery Points (Assuming all competency questions 1-5 passed) 
F = All competency questions 1-5 not passed (regardless of # of Mastery points). 
 
The thirteen quizzes, homework score (100 points for ten homework assignments), and final exam will be 
used for the computation of the final grade. The mastery points on quizzes 7-13 as well as the final exam 
are 40, 50, 40, 40, 40, 50, 60, and 240. The total number of points possible in the course is 1000 including 
the 240 points for the final exam. The final grade scale is: 
A = 700-1000 Total points (Assuming all competency questions 1-5, 7-12 passed) 
B = 570-695 Total points (Assuming all competency questions 1-5, 7-12 passed) 
C = 410-565 Total points (Assuming all competency questions 1-5, 7-12 passed) 
D = 0 - 405 Total points (Assuming all competency questions 1-5, 7-12 passed) 
F = All competency questions 1-5, 7-12 not passed (regardless of number of total points) 
 















(out of _____ points) 
1  _____out of 50 pts 7  _____out of 40 pts 
2  _____out of 50 pts 8  _____out of 50 pts 
3  _____out of 50 pts 9  _____out of 40 pts 
4  _____out of 40 pts 10  _____out of 40 pts 
5  _____out of 30 pts 11  _____out of 40 pts 
6 (midterm) None _____out of 120 pts 12  _____out of 50 pts 
  _____out of 340 pts 
Add quizzes 1 – 6  
13 None _____out of 60 pts 
   Hmwk None _____out of 100 pts 
   Final None _____out of 240 pts 
   Total   _____out of 1000 pts 
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CHEMISTRY 110- SPRING 2008 Section 002: M, W, F 10:30 AM - 11:20 AM 
Date Chapter Homework Sets 
M, 1/14 1 1.A-1.E 
W, 1/16 1 1.F – 1.K 
F, 1/18 1 1.L – 1.P  
M, 1/21 No Class  
W, 1/23 Quiz #1 on chapter 1 2.A – 2.B 
F, 1/25 2 2.C – 2.D 
M, 1/28 2 2.E – 2.F 
W, 1/30 Quiz #2 on chapter 2 3.A – 3.B 
F, 2/1 3 3.C – 3.F 
M, 2/4 3 3.G – 3.K 
W, 2/6 Quiz #3 on chapter 3  
F, 2/8 5 Read chapter 4 / 5.A – 5.H 
M, 2/11 5 ,6, and 7 5.I; 6.A; 7.A – 7.B 
W, 2/13 Quiz #4 on chapter 5  
F, 2/15 7 7.C – 7.F 
M, 2/18 7 7.G – 7.I 
W, 2/20 Quiz #5  
on exercise sets 7.A – 7.G 
 
F, 2/22 8 8.A – 8.E  
M, 2/25 Review  
W, 2/27 Quiz 
Midterm Exam on chapters 1 - 8 
 
F, 2/29 9 9.A – 9.B  
M, 3/3 9 9.C – 9.E 
W, 3/5 Quiz #7 on exercise sets 9.A – 
9.D  
 
F, 3/7 9 9.F – 9.H  
M, 3/10 10 10.A – 10.C 
W, 3/12 Quiz #8 on exercise sets 9.E – 
10.B 
 
F, 3/14 10, 11 10.D; 11.A – 11.C  
M, 3/17 11 11.D – 11.G 
W, 3/19 Quiz #9 on exercise sets 10.C – 
11.G 
 
F, 3/21 No Class  
M, 3/31 12 12.A – 12.H 
W, 4/2 12 12.I – 12.K 
F, 4/4 Quiz #10 on exercise sets 12.A – 
12.H 
 
M, 4/7 13, 14 13.A – 13.E  
W, 4/9 14 14.A – 14.B 
F, 4/11 Quiz #11 on exercise sets 12.I – 
12.K; 13.A – 13.D 
 
M, 4/14 14 14.D – 14.E 
W, 4/16 14 14.F – 14.H  
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F, 4/18 Quiz #12 on exercise sets 13.E – 
14.E, excluding 14.C  
 
M, 4/21 15 14.C; 15.A – 15.C  
W, 4/23 15 15.D – 15.E  
F, 4/25 Quiz #13 on exercise sets 14.C; 
14.F – 15.C  
 
M, 4/28 17 17.A – 17.B 





FINAL EXAM: TUESDAY, MAY 6, 2008 7:00-9:00 P.M. (LOCATION T.B.A.) 
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Appendix C: Chemistry 110 Group Homework Overview 
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Appendix D: Cooperative Learning Workbook 
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